Abstract. Along with the rapid development of computer technology and digital image processing, traditional PCB technology of defect detection could not meet the demand of the quality of PCB, meanwhile AOI has received increasing attention. This paper mainly introduces the AOI machine based on PCB defect detection, hardware structure and software system is respectively carried on the design. In addition, provide a new method of defect detection which is based on the comparison of contour and introduce the process of camera calibration chiefly.
Introduction
With the development of science and technology, PCB (Printed Circuit Board) keep forward moving to the trend of high accuracy, high complexity and high performance, which challenge the quality of PCB detection [1] . Because of immature technology, high costs, low efficiency and other factors, traditional PCB defect detection method is hard to meet the demand of accuracy of PCB now, however, as a new automatic detection technology, AOI is just able to solve the problem. This paper studied the application of high-precision, high accuracy, enabling rapid detected AOI in PCB defect detection, which using a new method to detect PCB defection based on comparison of contour. Meanwhile, the camera calibration is also an important part of AOI.
AOI Brief Introduction
AOI system first analyzes and deals with standard PCB image information in CAM file. Then optical imaging unit is settled on a precision X-Y table, scanning the PCB which is to be detected [2] . It forms test PCB image in the computer. By comparing the standard image and test PCB image in logic, we can detect and classify the defect through its contour feature [3] . The last step is to make the data feedback to users. Hardware and software collaborative work and make a whole. AOI flow chart is shown in Fig.1 . 
Hardware Structure

Hardware Introduction
The hardware device used in this paper is CMOS black and white linear array camera， Germany AD4 silicon software acquisition card (Camera Link acquisition card) combined with opto trigger board, which is used to array trigger signal wiring. Optical source uses a custom linear combination of coaxial light, which form is coaxial optical source and multiple linear array optical source combination. The hardware structure of the system is shown in Fig.2 .
Fig. 2 hardware structure diagram Camera Calibration
Because of the difference between real image and Ideal pinhole image, image distortion will occur when the camera capture images [4] . If you want to measure the actual length of an object accurately, you have to do camera calibration. Linear array camera calibration is about how to project the object in a three dimensional coordinate system to a two-dimensional plane. Linear array camera imaging model is shown in Fig.3 . There are four related coordinate system in the Calibration process [5] . They are world coordinate system, camera coordinate system, image physical coordinates system and image pixel coordinates system. The goal of camera calibration is the conversion relationship between image pixel coordinate system and world coordinate system. Camera calibration parameters obtained divided into external and internal parameters. External parameters are the conversion relationship between world coordinate system and camera coordinate system. Internal parameters are the conversion relationship between image pixel coordinate system and camera coordinate system. Parameters obtained from camera calibration determine the projection relationship from three-dimensional to two-dimensional.
Only having a relative movement with the target object can shoot a useful image by linear array camera. The most common relative motion is the trajectory of the object relative to the camera along a straight line. In this situation, the relative movement can be represented as a three-dimensional vector v. There is relative movement between the target object and the camera in the process of image acquisition. As a result, there is a relative movement between camera coordinate system and the target object. The position is different when shooting each row of pixels, each row in the image corresponds to a different position. In order to make the model easy to analyze, we can use known conditions that the movement between camera and target object is linear. We just need to know the conversion relationship between world coordinate system and camera coordinate system when shooting first row of pixels, then the position of each line can be struck by a three-dimensional vector v.
Software Section Introduction
Software Introduction
The software design of PCB automatic detection system based on image processing is also very important [6] . The software design of AOI system completes the function of image data acquisition, image data processing and image data analysis unit, which including several digital image processing technology, such as image preprocessing, defect detection and recognition, etc. Meanwhile, it dose data exchange with operator. The system software flow chart is shown in Fig.4 . Fig.4 The system software flow chart
Defect Detection
Current PCB defect detection method is mainly divided into three categories: reference comparison, the non-reference comparison and mixing [7] . Because the pattern to be detected is complex, reference comparison method is the only option. This article does not use traditional reference comparison method based on content, however, uses a new method based on contour comparison. Firstly, extract the edge features of the test PCB image and standard image; secondly, compare and analysis the contour between test PCB image and standard image; thirdly, it will form a residual image. Compare the residual image .If the comparison result is white residual image (less contour pixels) or black residual image (more contour pixels), it shows that there are differences between test PCB image and standard image. It can be judged that the existence of defects in the PCB.
The specific steps of reference comparison method based on contour are as follows: (1 
Conclusions
The results of this research are as follows: First, study the application of AOI in PCB defect detection based on machine vision and digital image processing.
Second, introduce the method of line array camera calibration. Third, propose a new method of PCB defect detection by comparison of contour. Against the problem of backward technology in PCB defect detection, this paper provides a perfect solution. The system has accurate and rapid detection process, easy operation mode and provides a nice platform for PCB defect detection accurately and efficiently. This paper has important theory and application value. Due to time pressures, there are many aspects of the AOI system have not been studied, waiting for us to discover. It is believed that AOI will have a better and more comprehensive development in the field of PCB defect detection.
